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Abstract 
A plant has limited resources to invest in growth and reproduction. A plant's 
inflorescence architecture and mating system are predicted to influence investment 
in sexual function. Investment in male and female function (pollen and ovules) 
represents one measure of such balance. However, few studies have considered 
architecture and mating system in combination. P:O ratio, as well as information 
regarding inflorescence structure and lifespan was assembled and analyzed to test 
the hypothesis that pollen: ovule ratio is contingent upon combined plant 
architecture and mating system. Across different mating systems, xenogamous 
species had significantly larger P:O ratios than autogamous and facultative species. 
We found no significant differences in P:O across lifespan and inflorescence type; 
however, analysis of plant architecture suggests that larger inflorescences shift the 
allocation of reproductive resources favoring increased male function. This analysis 
indicates that both mating system and inflorescence size should be considered when 
investigating relationships between P:O ratio and plant adaptations. 
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Introduction 
Every plant has finite resources to allocate to its maintenance, growth and 
reproduction. Plants allocate their resources within vegetative and reproductive 
structures based on trade-offs between investment and benefit (Charlesworth and 
Morgan, 1991; Dubbelden and Verburg, 1996; Obeso, 2002; Worley and Harder, 
1996). Based on the environmental and physiological needs of each plant, 
reproductive resources are allocated in ways that maximize reproductive outcomes, 
given the developmental and environmental constraints imposed on the plant 
(Charnov, 1982; Geber and Charnov, 1986; Matyssek et al., 2005; Mazer et al. 1998). 
Dioecious plants dedicate all reproductive resources to only male or only 
female sexual structures. Monoecious plants allocate resources to the production of 
both male and female flowers on the same plant. Among flowering plants, 
hermaphroditic plants are the most prevalent (Geber and Charnov, 1986; Schmid-
Hempel and Speiser, 1988). These species invest resources allocated to 
reproduction into both male and female parts within the same flower. These 
flowers are known as bisexual or perfect flowers. The two most common methods 
for quantifying sexual allocation in hermaphroditic species are through relative 
biomass of male structures versus female structures (Cao and Worley, 2012; Wright 
and Barrett, 1999; Zhang et al., 2011), or pollen versus ovule number, commonly 
known as pollen:ovule ratio (P:O) (Cruden, 1977; Martinez-Peralta and Mandujano, 
2011; Michalski and Durka, 2010; Singhal et al., 2010; Stephens et al., 2012; Taylor 
et al., 2010; Wright and Ianni, 2011). Although both methods are used to compare 
the allocation of resources to one gender over the other, P:O ratio, as a measure of 
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male to female function, can also be an indication of reproductive effort (McMullen, 
2012; Sawyer, 2010). 
In the 1970's, Cruden discovered that P:O ratios are higher in xenogamous 
( outcrossing) species than autogamous ( selfing) species, with the exception of 
species that deliver their pollen in pollinia or polyads (Crud en, 1977). More recent 
research has found increased selection for female allocation in autogamous species 
(DeJong et aL, 1999; Delesalle and Mazer, 2009). Since these discoveries, P:O ratio 
has been reported for many species for the purpose of predicting breeding systems 
of plants. Higher P:O ratios indicate xenogamy, and lower P:O ratios indicate 
autogamy. For successful pollination, a xenogamous species needs to produce more 
pollen than an autogamous species to ensure successful pollen transport over 
greater distances (Cruden, 1977). More recently, research has looked at how P:O 
ratio varies among different populations of the same species (Hiraga and Sakai, 
2006; Cao and Kudo, 2007; Cao et aL, 2007) and among different flowers in the same 
inflorescence (Guitian et aL, 2004; Ishii and Harder, 2012; Hiraga and Sakai, 2006; 
Buide, 2008; Sa to, 2003; Cao, et aL, 2011). 
Researchers have found that ratios between male and female investment 
vary as plant resource levels change from earlier-blooming flowers to later-
blooming flowers. Later-blooming flowers are predicted to have fewer resources 
available since many of the resources have been consumed by the production of 
earlier flowers and seeds (Charlesworth and Morgan, 1991). Phenotypic variation 
between flowers could be attributed to the different resource requirements of male 
and female functions, along with a change in the amount of resources available to 
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flowers in different parts of a plant. Species that produce seeds and fruits with a 
low cost have been found to have higher seed sets with lower levels of seed 
abortion. An attempt to produce seeds in a shortage of resources may lead to seeds 
or fruits that cannot be supported and are, therefore, aborted. Flowers stressed for 
resources may invest more in pollen versus ovules because pollen requires a 
smaller investment than do ovules. (Ramirez and Berry, 1995; Geber and Charnov, 
1986). In Paeonia cambessedesii (Paeoniaceae), individuals with greater total leaf 
length, and therefore more resources, allocated a lower percentage of reproductive 
resources to male function than plants with less leaf length, as shown by their lower 
P:O ratios (Mendez and Traveset, 2003). Later-blooming flowers are predicted to 
have fewer resources, and therefore allocate a higher ratio of resources to male 
function than earlier-blooming flowers since many of the resources have been 
consumed by the production of earlier flowers and seeds (Charlesworth and 
Morgan, 1991). 
Numerous species have exhibited a shift towards male function in later-
blooming flowers (Buide, 2008; Guitian eta!., 2004; Hiraga and Sakai, 2006; Ishii 
and Harder, 2012). In Polygonatum odoratum (Liliaceae), flowers higher on the 
inflorescence (axillary r·acemes) allocated fewer resources to female function than 
flowers lower on the inflorescence (Guitian eta!., 2004). Similarly, in Delphinium 
glaucum (Ranunculaceae), earlier-blooming flowers (lower on the terminal raceme) 
allocated more resources to the relative production of ovules than in the later-
blooming upper flowers (Ishii and Harder, 2012). Within plants of Lobelia 
sessi/if/ora (Campanulaceae), P:O ratio was lower in the early-blooming lower 
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flowers at the base of the terminal raceme than in the later-blooming upper flowers 
(Hi raga and Sakai, 2006), therefore we can assume, in indeterminate inflorescences 
the flowers with a greater proportion of resources allocated to female function are 
found toward the bottom of the inflorescence in the earlier-blooming flowers. In 
Silene acutifolia (Caryophyllaceae ), a determinate inflorescence, the terminal, earlier 
blooming flower had fewer pollen grains per ovule than did later blooming flowers 
on the lateral branches of the terminal cymes (Buide, 2008). In all of the above 
cases, the position and blooming time of a flower within the inflorescence had an 
influence on its allocation toward male or female function. Therefore, there is 
evidence that inflorescence structure and resource availability affect relative 
allocation to male versus female function. 
Resource availability could be a potentially distinguishing factor between 
plants with different arrangements and temporal development of flowers within 
their inflorescence. Species with different arrangements and temporal 
developments of flowers are considered to have different inflorescence types. 
Inflorescence types include racemes, solitary flowers, umbels, heads, and cymes. 
Three types of inflorescences that are distinctly different in structure and allocation 
of resources are terminal, axillary, and solitary inflorescences. For instance, nodes 
can be, to some extent, autonomous with respect to carbon and photosynthate 
distribution (Fetene, 1997; Osaki eta!., 2004). An axillary inflorescence (an 
inflorescence that branches from a leaf axil at a node) might share resources with 
the other flowers only at that node. Resources would come predominantly from the 
leaf, or leaves, at the base of the node. Flowers in a terminal raceme might be 
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relying on resources obtained from all nodes below it and shared with all other 
flowers on the shoot. If the level of resources is impacting allocation to male and 
female sexual function, then different inflorescence types could display different 
patterns of allocation due to different resource distribution within the plant: axillary 
inflorescences largely supplied by the leaves at one node as opposed to terminal 
inflorescences supplied by multiple nodes below the inflorescence. 
Plant size has also been proposed as a measure of resources. A larger plant is 
capable of producing more resources due to greater leaf biomass, and, therefore, the 
flowers on a larger plant produce more sexual parts than do flowers on smaller 
plants (Cao eta!., 2007). This pattern was observed in the genus Trillium where an 
increase in both ovule and pollen production with plant size was found (Wright and 
Barrett, 1999). In some cases, larger plants have also shown shifts in the investment 
of male to female function (Mendez and Traveset, 2003; Wright and Barrett, 1999). 
In Lobelia sessif/ora (Campanulaceae,), the investment in male function, measured as 
P:O ratio, decreased as the number of flowers on a plant increased (Hiraga and 
Sakai, 2006). In Cardiocrinum cordatum (Liliaceae), pollen production increased 
with stem diameter and plant height in some populations (Cao and Kudo, 2007). 
In addition to the shifts in P:O ratio caused by differences in resource 
availability, modification of the production of pollen and ovules can occur because 
the shift will result in increased reproductive success. Larger inflorescences are 
known to attract more pollinators than do smaller inflorescences (Hi raga and Sakai, 
2006; Schmid-Hempel and Speiser, 1988). Once pollinators arrive at a large 
inflorescence, they visit more flowers, leading to increased pollen removal 
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compared to smaller inflorescences (Schemske, 1979; Schmid-Hempel and Speiser, 
1988). An increase in removal of pollen would increase opportunities for cross-
pollination and, in turn, male siring success (Emms et al., 1997). This could 
contribute to a shift toward increased pollen investment by increasing fitness of a 
plant through male reproductive success as an alternative to female success (i.e., 
seed production). When researchers have looked at individuals within a species, 
there was an increase in P:O ratio as the number of flowers on the inflorescence 
increased (Hiraga and Sakai, 2006). By looking across species, we can see how the 
allocation of resources has established itself in response to the increase in male 
fitness with the production of larger inflorescences in some species. 
In addition to inflorescence size and type, which may be influencing the 
allocation of resources, some studies have found higher P:O ratios in perennial 
species versus annual species, suggesting that P:O ratio may be correlated to plant 
lifespan (Galloni et al., 2007). In the genus Erodium higher P:O ratios were found in 
perennial than in annual species (Alarcon et al., 2011). This could be because 
annual species are more commonly autogamous than perennial species (Aarssen, 
2000), and autogamous species have lower P:O ratios than do plants using other 
mating systems (Crud en, 1977; Dejong et al., 1999). There might also be lower risk 
involved in making adaptations in perennials compared to annuals. Perennials may 
be more likely to adjust their P:O ratio and exchange ovules for pollen production. 
An annual, having only one year to undergo reproductive success may tend not to 
undergo this shift. In addition, perennials also have the capability to store unused 
resources for growth and reproductive function in the following year (Charlesworth 
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and Morgan, 1991). By testing for interactions between mating system and lifespan, 
we should be able to determine iflifespan, alone, is a significant factor correlated 
with P:O ratio. 
In this meta-analysis, we collected information from the literature to analyze 
the potential interactions between mating system and lifespan, inflorescence size 
and inflorescence structure on the allocation of resources between male and female 
sexual function in herbaceous flowering plants. Although P:O ratios have been 
reported extensively, the primary focus has been on the functional correlation 
between P:O and mating system. Relationships between P:O ratio and plant 
architectural features, such as inflorescence type and size, have not been addressed. 
We hypothesize that if inflorescence position on a plant affects resource availability 
for flowers, and if axillary inflorescences rely on a local subset of resources in 
support of flowers, then flowers in axillary inflorescences will exhibit shifts in 
allocation from female to male function (i.e., higher P:O ratio). Also, if greater male 
siring success of a larger inflorescence is contributing to a shift toward increased 
pollen investment as a result of increased male fitness than higher P:O ratios will be 
exhibited in larger inflorescences. If the risk of reproductive adaptation is lower in 
perennials than annuals and this enables them more flexibility in their allocation of 
resources, than perennials may exhibit shifts too risky for annuals to become more 
male when stressed for resources (Table 1). 
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Table 1. Predicted outcomes of analyses and explanations for the suggested shifts in 
P:O ratio. 
Prediction Cause 
The greater efficiency of pollination in 
Expect to see higher P:O autogamous species will shift the 
ratios in xenogamous allocation of resources to favor ovule 
Mating system species and lower P:O production, while in xenogamous species 
ratios in autogamous a shift will occur to favor higher P:O 
species ratios that ensure effective transport of 
pollen. 
Higher P:O ratios will be Ifreproductive adaptation has a 
exhibited in perennials significantly lower risk in perennials than Lifespan 
and lower P:O ratios will annuals than perennials may exhibit 
be exhibited in annuals shifts more readily to increased male production when stressed for resources. 
We expect to see the If inflorescence types have significant highest P:O ratios in differences in resource availability then terminal inflorescences, 
Inflorescence lowest P:O ratios in flowers within an inflorescence with less 
type solitary inflorescences availability of resources will favor higher P:O ratios than a flower within an 
and the P:O ratio of inflorescence with higher resource 
axillary inflorescences 
between the two availability 
We expect to see an If greater male siring success of a larger 
Inflorescence increase in P:O ratio as inflorescence is contributing to a shift 
size inflorescence size toward increased pollen investment than 
increases higher P:O ratios will be exhibited in larger inflorescences 
Methods 
Data collection 
Pollen: ovule ratio was obtained from numerous published articles and used 
as the measure of resource allocation between the sexes. Species were selected for 
the analysis based u pan the availability of information regarding lifespan and 
inflorescence structure. Many of the species used in this analysis have additional 
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information listed in Flora of North America. In addition, key words such as "pollen 
ovule ratio", "sex* resource allocation", and "reproductive ecology" were used to 
find articles with listed P:O ratios. On occasion, multiple P:O ratios were found for 
the same species. In these cases, we analyzed the data as if they were two separate 
species within the same family and genus. To determine the impact of mating 
system, lifespan, inflorescence size and type on the allocation of reproductive 
resources within the plant this information needed to be obtained from other 
sources. Some articles contained this additional information, but when it was 
lacking we used other resources. These resources included The Flora of North 
America, CalFlora, and Cal photos (Appendix A). The methods used to determine the 
P:O ratio varied between data sources. Some sources used manual counting of 
pollen grains under a microscope (Cao eta!., 2011; Hi raga and Sakai, 2006; Scalone 
et al. 2013) while others used particle counters (Cao et al., 2007). Only herbaceous 
species were included in this analysis as woody and herbaceous plants differ 
structurally (Obeso, 2002) and may exhibit contrasting mechanisms in the control of 
resource allocation (Matyssek et al., 2005). Families that had unusual or uncertain 
pollination mechanisms, such as Potamogetonaeae (aquatic plants with uncertain 
pollination mechanisms), and Orchidaceae (with pollen packaged in pollinia instead 
of releasing separate pollen grains and subject to very different selection regimes), 
were omitted. Data analysis required all characteristics except pollen:ovule ratio to 
be categorical, therefore distinct categories were defined for each characteristic. 
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Mating System Classification 
The mating system of each species was classified into 1 of 3 groups: 
autogamous, facultative, or xenogamous. We defined a species as autogamous if it 
was self compatible with no floral adaptations to promote cross-pollination. 
Facultative species were self-compatible, however their flower structure promoted 
cross-pollination through structural and phenological adaptations that reduced self-
pollination while promoting effective pollen transport. The last category, 
xenogamous, contained species that were self-incompatible and exhibited 
adaptations that promoted cross-pollination. 
Lifespan 
Lifespan is the longevity of a plant. This characteristic was defined as either 
annual, meaning the species was able to complete its life cycle in one year, or 
perennial, meaning the species was unable to complete its life cycle in one year. 
Initially, our classification for lifespan was much more specific and included a 
category for biennial species, species that were annual but occasionally perennial 
and species that were biennial and occasionally perennial. These categories were 
condensed due to the small sample of species in some of the categories and to 
concentrate on contrasts between plants that have a single flowering cycle (annual) 
and those that can grow, and possibly flower, in multiple seasons (perennial). The 
new definition of annual included species that were mostly annual but could, in 
certain circumstances, be perennial. Those species were capable of completing their 
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life cycle in one year. Biennials were considered perennial because they are unable 
to complete their life cycle in one year. 
Inflorescence type 
Initially, inflorescence type included 7 categories. Those categories were: 
capitate, terminal raceme, axillary raceme, terminal cyme, axillary cyme, umbel, and 
solitary flower. As we explored the literature, we found many of those categories to 
be underrepresented in P:O reports. To make analysis possible, we condensed the 
seven categories into three: terminal multi-flowered inflorescence, axillary multi-
flowered inflorescence, and solitary flower. This classification scheme was decided 
on based upon differences in resource distribution to the inflorescence (see 
introduction). 
Inflorescence size 
The number of flowers within the inflorescence defined inflorescence size. 
The species were classified into four categories. Category 1 contained species with 
only 1 flower in their inflorescence, category 2 contained species with more than 
one, but fewer than 10 flowers per inflorescence, category 3 contained species with 
between 10 and SO flowers per inflorescence, and category 4 contained species with 
more than SO flowers per inflorescence. In some cases a species would overlap 
multiple categories. In this situation, the species was classified into the group in 
which a higher percent of its range of flower numbers was contained. For example, 
for a species having an inflorescence range of S-2S flowers, 2So/o of this range fell in 
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the "less than 10 flowers" category, while 75% of the range fell in the "10-50 
flowers" category. Because the higher percentage of the range fell in the "10-50 
flowers" category, this species was classified as having an inflorescence size of 10-
50 flowers. 
Statistical analysis 
The statistical analysis of our data was initially done by five-way univariate 
analysis of variance, with P:O ratio being the dependent variable. The five-way 
univariate analysis included only the 7 most well represented families in our data 
set. Those families were Brassicaceae, Caryophyllaceae, Fabaceae, Nyctaginaceae, 
Plantaginaceae, Polemoniaceae, and Ranunculaceae. After running the analysis we 
realized that a five-way analysis was not practical considering the small size of the 
data set and the lack of samples in some combinations of the five factors (Appendix 
C). In order to investigate relationships between mating system, a known correlate 
of mating system, and each of the other plant characteristics (inflorescence size, 
type and lifespan), we performed two-way ANOVAs, using mating system as one 
factor in each analysis. Since some species were missing data for some of these 
variables, each two-way analysis was done using different subsets of species. 
For each two-way AN OVA, a Bonferroni post hoc test was performed to 
examine pair-wise comparisons between variables. 
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Results 
A survey of the literature yielded a total of 2 71 species in 77 genera 
belonging to 15 different families. These data were collected from 5 articles (Erbar 
and Langlotz, 2005; Etcheverry, 2012; Fulkerson, 2012; Scalone, 2013; Yongpeng, 
2012), one of which was a review paper (Erbar and Langlotz, 2005) that referenced 
18 additional papers for the P:O ratios. The most well represented families were 
Brassicaceae, Caryophyllaceae, Fabaceae, Nyctaginaceae, Plantaginaceae, 
Polemoniaceae, and Ranunculaceae, but the sample also included species from the 
families Crassulaceae, Liliaceae, and Plumbaginaceae. We obtained information on 
inflorescence size for 206 of those species, information on inflorescence type for 
2fi2 species, information on lifespan for 223 species, and information on mating 
system for all of the species included in the analysis (Appendix B). Since we did not 
have all of the information for every species in our data set, each two-way analysis 
of variance was based on a different subset of plants with different sample sizes 
(Table 2). 
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Table 2. Distribution of families used in two-way analyses 
Inflorescence 
Lifespan: AN OVA Type: ANOVA Inflorescence 
data set data set Size: AN OVA data 
Family distribution distribution set distribution 
Apiaceae 1 1 0 
Brassicaceae 69 86 81 
Cactaceae 1 1 1 
Caryophyllaceae 28 39 25 
Crassulaceae 1 1 0 
Leguminosae 20 19 17 
Liliaceae 1 4 1 
Moringaceae 0 1 0 
Nyctaginaceae 2 9 0 
Papaveraceae 1 1 1 
Plantaginaceae 31 32 25 
Plumbaginaceae 1 1 0 
Polemoniaceae 48 48 47 
Ranunculaceae 18 18 7 
Zingiberaceae 1 1 1 
Total number of Species 223 262 206 
Differences and interactions between 5 variables: Family, mating system, lifespan 
inflorescence type and size, in regards to P:O ratio 
The five-way analysis of variance found significant differences in P:O ratio 
across family (p=0.007), and nearly significant differences across mating system 
(p=0.076). According to the analysis, lifespan (p=0.728), inflorescence type 
(p=0.795) and size (p=0.490) all had non-significant effects on P:O ratio .. There 
were no significant interactions between any of our variables in regards to P: 0 ratio 
(Table 3). 
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Table 3. Five-way univariate analysis output showing significance in interactions 
between and differences among variables 
Type III 
sum of Mean 
Factor squares df Square F p 
Family 2.36E+08 5 4.70E+07 3.349 0.007 
Mating System 7.44E+07 2 3.72E+07 2.639 0.076 
Inflorescence Size 3.43E+07 3 1.14E+07 0.811 0.490 
Inflorescence Type 6.48E+06 2 3.24E+06 0.230 0.795 
Lifespan 1.72E+06 1 1.73E+00 0.122 0.728 
Family*Mating system 1.22E+08 6 2.03E+07 1.443 0.204 
Family*Inflorescence size 3.39E+07 5 6.78E+06 0.481 0.790 
Family*Inflorescence type 4.31E+07 3 1.44E+07 1.020 0.387 
Family*Lifespan 1.03E+07 4 2.58E+06 0.183 0.947 
Mating system*Inflorescence 
size 3.65E+07 4 9.12E+06 0.648 0.630 
Mating system*Inflorescence 
type 8.37E+03 2 4.19E+03 0.000 1.000 
Mating system*Lifespan 4.26E+05 2 2.13E+05 0.015 0.985 
Inflorescence 
size*inflorescence type - 0 - - -
Inflorescence size*Lifespan 1.65E+06 1 1.65E+06 0.117 0.733 
Inflorescence type*Lifespan O.OOE+OO 0 - - -
Interactions between mating system and other variables 
None of our variables had a significant interaction with mating system in 
regards to P:O ratio (lifespan (p=0.121), inflorescence type (p=0.315)), however, the 
interaction between inflorescence size and mating system was marginally non-
significant (p=0.059))(Table 4). 
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Table 4. Results from tests for interactions from two-way univariate analysis of 
pollen: ovule ratio for mating system and each other variable 
Type III 
Sum of Mean 
Source squares df square F p 
Mating system*Lifespan 8.35E+07 2 4.18E+07 2.129 0.121 
Mating 
system*Inflorescence size 2.91E+08 5 5.83E+07 2.167 0.059 
Mating 
system*Inflorescence type 1.15E+08 4 2.86E+07 1.191 0.315 
Differences in P:O ratio across mating systems 
P:O ratios were significantly different across mating systems (p=O.OOO) in 
two of the three two-way univariate analyses (Table 5). The exception was in the 
two-way AN OVA between mating system and inflorescence type. This analysis 
found their relationship marginally insignificant (p=0.052; Table 5). Across all 
samples, the largest P:O ratios were in xenogamous species and the lowest were in 
the autogamous species (Figs. 1-3). 
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Table 5. Univariate analysis output showing significant differences across 
mating system types in two out of three of the two-way ANOVAs 
Mating System 
by 
Lifespan 
Inflorescence 
Size 
Inflorescence 
Type 
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Type III 
Sum of 
squares 
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solitary 
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Error Bars: 95% Cl 
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Figure 1. Mean P:O ratio for each mating system across different inflorescence sizes 
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Figure 3. Mean P:O ratio for each mating system across lifespan categories 
In all three of the ANOVAs, the post hoc analyses found significant differences 
between autogamous and xenogamous species as well as between facultative and 
xenogamous species (Table 6). There were no significant differences between 
autogamous and facultative mating systems in any of the two-way tests (Table 6). 
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Table 6. Bonferroni post hoc test results showing significant differences across 
mating system in all three two-way ANOVAs 
AN OVA run Mating system 1 Mating system 2 Mean Standard difference error p 
Lifespan Autogamous Facultative -1088.882 758.4514 0.458 
Autogamous Xenogamous -5332.581 733.0145 0.000 
Facultative Xenogamous -4243.7 706.7674 0.000 
Inflorescence Autogamous Facultative -822.429 766.1406 0.852 
type Autogamous Xenogamous -5619.82 741.2583 0.000 
Facultative Xenogamous -4797.391 726.6288 0.000 
Inflorescence Autogamous Facultative -956.036 889.3666 0.851 
size Autogamous Xenogamous -6148.107 886.2314 0.000 
Facultative Xenogamous -5192.071 879.6444 0.000 
Differences in P:O ratio across lifespan 
The mean P:O ratio in perennial species was higher than in annual species, 
however, there were no significant differences between their P:O ratios (p=0.871; 
Fig. 4; Table 7). 
Table 7. Univariate analysis output showing insignificant differences between mean 
pollen: ovule ratios of species with different lifespans 
Type III 
Sum of Mean 
Factor squares df square F p 
Lifespan 5.22E+05 1 5.22E+OS 0.027 0.871 
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Figure 4. Mean P:O ratios for species with different lifespans 
Differences in P:O ratio across inflorescence types 
Although the mean P:O ratio in terminal inflorescences was most dissimilar 
from the means of other inflorescence types, the mean P:O ratios of each type were 
not significantly different from any other type (p=0.448; Table 8; Fig. 5). Overall, the 
P:O ratios were smaller in solitary and axillary inflorescence types than in terminal 
inflorescences. 
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Table 8. Univariate analysis output showing insignificant differences between mean 
pollen:ovule ratios of species with different inflorescence types 
Factor 
Inflorescence 
0 
~ 
" :;
> 
0 
r:: 
.!! 
0 
0.. 
r:: 
"' .. :;; 
type 
Type III 
Sum of 
squares 
3.87E+07 
Mean 
df square F 
2 1.94E+07 0.805 
Inflorescence Type 
Error Bars: 95% Cl 
p 
0.448 
Figure 5. Mean P:O ratios for species with different inflorescence types 
Differences in P:O ratio across inflorescence size 
Pollen: ovule ratio was significantly different among inflorescences of 
different sizes (p=0.016; Table 9). Our analysis indicates that multi-flowered 
inflorescences with more flowers have greater average P:O ratios than multi-
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flowered inflorescences with fewer flowers (Fig. 6). Although there is no significant 
interaction between inflorescence size and mating system (p=0.059), among 
xenogamous species the differences in P:O ratio across inflorescence size appears to 
be more pronounced (Fig. 1). The average P:O ratio of solitary inflorescences 
(mean=1735.917) was greater than multi-flowered inflorescences with fewer than 
10 flowers (mean=902.965) but less than inflorescences with 10-50 flowers 
(mean=3421.132; Table 9; Fig. 6). 
Table 9. Univariate analysis output showing significant differences in pollen: ovule 
ratio across different inflorescence sizes 
Type III 
Sum of Mean 
Factor squares df square F p 
Inflorescence 
size 2.85E+08 3 9.49E+07 3.53 0.016 
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Figure 6. Mean P:O ratio for species having different inflorescence sizes 
The post hoc test indicates that solitary inflorescences are not significantly 
different than any other inflorescence size (Table 10; Fig 6), and that the significant 
differences were between inflorescences with fewer than 10 flowers and 10-50 
flowers (p=0.028), and fewer than 10 flowers and inflorescences with more than 50 
flowers (p=0.023; Table 10; Fig 6). Inflorescences with 10-50 flowers, and more 
than 50 flowers, were not significantly different (p=1.00). 
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Table 10. Bonferroni post hoc test results for inflorescence type 
Inflorescence Type 1 Inflorescence Type 2 Mean difference Standard Error Significance 
Solitary Fewer than 10 832.9S1 1670.1271 1.000 
10-SO -168S.216 1S69.33SS 1.000 
More than SO -2942.37S 1833.2779 0.661 
Fewer than 10 10-SO -2S18.167 878.02S3 0.028 
More than SO -377S.326 1291.9064 0.023 
10-SO More than SO -12S7.1S9 11S8.6679 1.000 
Discussion 
Differences and interactions between 5 variables: Family, mating system, lifespan, 
inflorescence type and size, in regards to P:O ratio 
The five-way univariate analysis of variance indicated significant differences 
across families (p=0.007) and suggested potential significance across mating 
system. In regards to differences among and interactions between variables, the 
analysis did not present any significant or definitive conclusions due to few species 
representing some combinations of the five factors (Tables 2 & 3; Appendix C). A 
larger sample size with increased representation of species having the more 
uncommon combinations of factors represented would have been needed to do an 
analysis to this extent. The combinations of two-way ANOVAs, although statistically 
less efficient, because error terms are confounded, did allow us to explore 
relationships between mating system and other plant characteristics. The two-way 
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ANOVAs indicated significant differences across mating systems, and inflorescence 
size. 
Mating system 
Overall, the impact of mating system on P:O ratio is consistent with Crud en's 
breeding system hypothesis, that due to the greater efficiency of pollination in 
autogamous species, they will exhibit lower P:O ratios than xenogamous species 
(Cruden, 1977). We can infer that xenogamous species require more pollen than 
autogamous species to ensure successful pollination across distances. 
Lifespan 
Higher P:O ratios have been reported in perennial species when compared to 
annual species of the same family (Alarcon et al., 2011). Across families, we found a 
higher mean P:O ratio in perennial species (mean=3176.9) than in annual species 
(2253.1). This difference, however, was not significant (p=0.871) and our analysis 
suggests that lifespan does not have an influence on P:O ratio in the herbaceous 
species we sampled. From this we can infer that there are no significant differences 
in perceived risk of changes in reproductive allocation of resources in perennials 
versus annuals. Our data indicates both types of species are responding to 
environmental conditions by shifting allocation in similar ways. 
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Inflorescence type 
Terminal inflorescences get their resources from an entire branch or plant, 
whereas axillary inflorescences may get their resources primarily from their own or 
adjacent nodes. A greater number of flowers sharing the resources from one source 
would lower the resources available to a given flower. Research shows that flowers 
with fewer resources available have higher P:O ratios than flowers with greater 
resources (Wright and Barrett, 1999). In species with terminal inflorescences, 
resources are distributed from the main rosette of leaves to every inflorescence on 
the plant thereby establishing a large resource sink. The resource sink on a plant 
that produces axillary inflorescences is, to some degree, one inflorescence per set of 
leaves at the node. Before the analysis, we assumed that the resource sink 
represented by various inflorescence types were significantly different, therefore 
the availability of resources to a flower in varying inflorescence types would also 
differ significantly. Since we did not find significant differences in P:O ratio across 
inflorescence types, perhaps flowers within each inflorescence are not allocated 
significantly different quantities of resources. It is possible that axillary 
inflorescences need more resources than what is provided to them locally to 
support the flowers within them. If this were the case, they would, like terminal 
inflorescences, also be relying on the main rosette of! eaves for resources. 
32 
Inflorescence size 
We found that inflorescences having fewer than 10 flowers were significantly 
more female than inflorescences with both 10-SO flowers and with more than SO 
flowers. These findings agree with the trends seen in Cardiocrinum cordatum that, 
within species, plants having larger inflorescences may allocate a larger portion of 
resources to male function than do plants having smaller inflorescences. (Cao and 
Kudo, 2007). In addition to validating the potential impact of inflorescence size on 
P:O ratio, our analysis also suggests that this trend may exist even when comparing 
individuals belonging to different species, genera, or families. 
The P:O ratios of solitary inflorescences were not significantly different from 
the P:O ratio of other inflorescence sizes. We propose that this is due to the small 
sample of solitary inflorescences within the data (n=12). Within the autogamous 
mating system there were no representatives of the solitary inflorescences. Perhaps 
with a larger sample size, solitary inflorescences would have significantly lower P:O 
ratios than multi-flowered inflorescences. 
Although the interaction between mating system and inflorescence size with 
respect to P:O ratio was not statistically significant (p=O.OS4), we still suggest that 
there might be a biological relationship. We found that the difference in mean P:O 
ratio between inflorescences with fewer than 10 flowers and more than SO flowers 
was greater in xenogamous species than in autogamous species. Since greater male 
siring success of larger inflorescences in xenogamous species (Emms et al., 1997) 
might lead to greater male fitness and contribute to a shift toward increased pollen 
investment (Charnov, 1982), the influences of inflorescence size on P:O ratio would 
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be greater in xenogamous species than in autogamous species. Greater statistical 
power from much larger sample sizes would be required to detect statistically 
significant differences among means, although even our sample yielded only 
marginally non-significant differences among means. 
Future analyses 
This meta-analysis provided a great outline of prospective plant 
characteristics that may influence allocation of reproductive resources in flowers, 
however, differences across families and inconsistencies in the literature should be 
acknowledged and accounted for in the future. Some families are genetically 
restricted to producing a specific number of stamens and ovules. This would 
restrict the adaptability of pollen production and constrain the influence of each 
factor on the allocation of resources. This means that plants in different families 
may exhibit different capacities for adjusting their allocation of reproductive 
resources. The results of the five-way AN OVA reflect this and indicate significant 
differences in P:O ratio across families (p=0.007J, however, many families were 
excluded from the analysis because the P:O ratios, mating system and the other 
factors have not been reported in the literature. Other families were 
underrepresented due to small sample sizes, leading to the exclusion of family as a 
factor in the analyses. Because the data set included disproportionate 
representations of families and was excluded from the two-way analyses this is a 
probable cause for increased variability within the data. 
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In addition, the data on P:O ratio was collected from published sources that 
used varying methods to determine P:O ratio. Flowers collected at different 
positions of the inflorescence are known to have differences in P:O ratio (Buide, 
2008; Cao eta!., 2007; Guitian eta!., 2004; Hiraga and Sakai, 2006; Ishii and Harder, 
2012). Some of the P:O ratios were obtained from flowers at different positions in 
the inflorescence, while the P:O ratios of other species were determined by 
analyzing and averaging flowers at the same position on the inflorescence. We 
suggest consistency in the methods of P:O ratio collection for future research or the 
accounting of methodology in future analyses. 
Another factor that we could not control for was plant size. Plant size is 
known to contribute to shifts in reproductive output (Alarcon eta!., 2011; Galloni et 
a!., 2007), however, many reports did not include information regarding plant size 
when reporting P:O ratios. Variation in plant size or physiological condition would 
be expected to contribute to variation in P:O not related to plant architecture 
(structure), mating system or lifespan, leading to larger standard deviations in our 
data set. Overall, a failure to account for plant size when reporting P: 0 ratios 
increases the variability in P:O ratios included in the analysis. 
Conclusion 
The allocation of reproductive resources within bisexual flowers has been 
reported to shift with varying anatomical features and mating systems. This 
analysis confirmed that mating system and inflorescence size may be important 
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features to consider in understanding the allocation of reproductive resources in 
herbaceous hermaphroditic plants. 
Future research should use a larger sample size to look for interactions 
between inflorescence size and mating system. Perhaps also, a five-way univariate 
analysis should be attempted by a larger and more diverse sample to account for all 
potential interacting factors affecting allocation to male and female function. 
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Appendix A 
Additional sources of species information about flower number and habit 
Grant, V. & K. Grant. 1965. Flower Pollination in the Phlox Family. Columbia 
University Press, New York. 180pp. 
http:/ jfloressilvestresdelmediterraneo.blogspot.com/2013/03/cruciferae-
matthiola-parviflora.html 
http:/ jwww.cretanflora.comjmatthiola_tricuspidata.html 
http:/ jluirig.altervista.orgjflorajtaxajindexl.php?scientific-
name=matthiola+tricuspidata 
http:/ jwww.maltawildplants.com/CRUC/Matthiola_tricuspidata.php 
http:/ jwww.efloras.orgjflorataxon.aspx?flora_id= l&taxon_id = 2 00 00 9 62 7 
http:/ j calphotos.berkeley.edu/ cgifimg_query?enlarge=OOO 0+000 0+ 1012+ 2 
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http:/ jwww.efloras.orgjflorataxon.aspx?flora_id=5&taxon_id =242445 60 9 
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Appendix B 
Information regarding P:O ratio, mating system (MS) (A=autogamous, F=facultative, 
X=xenogamous), lifespan, and inflorescence structure for all species involved in 
analyses 
Inflores- Inflores-Family Species MS Lifespan cence 
cence Size P:O Type 
Apiaceae ~pium X Perennial Terminal 3641 bermejoi 
Brassicaceae Arabidopsis ~ ~nnual Terminal 34 thalia no 
Arabis 
breweri var. ~ Perennial Terminal 10 to 50 1110 
austinae 
Arab is 
breweri var. ~ Perennial Terminal 10 to 50 63 
breweri 
Arabis glabra ~ Perennial Terminal 10 to 50 268 
Arabis 
holboellii var. A Perennial Terminal 10 to 50 31 
pinetorum 
Arabis 
holboellii var. A Perennial Terminal 10 to 50 223 
retro fra eta 
~rabis A Perennial Terminal Fewer 2710 lplatysperma than 10 
~rabis A Perennial Terminal 10 to 50 409 rectissima 
~rabis 
A ~parsif/ora Perennial Terminal 10 to 50 601 
var. arcuata 
~thysanus ~ Annual Terminal 10 to 50 22 !Pusillus 
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Barba rea X Perennial Terminal 10 to 50 1100 
orthoceras 
Biscutelia F ~nnual Terminal 10 to 50 1398 didyma 
Brassica X ~nnual Terminal 10 to 50 6120 
campestris 
Brassica ~ !Annual Terminal more than 17947 nigra 50 
Brassica ~ !Annual Terminal more than 13200 nigra 50 
Brassica 
o/eracea var. ~ Perennial Terminal 10 to 50 10300 
gemmijera 
Brassica ~ Annual Terminal 10 to 50 4540 tournefortii 
Caki/e Pc Perennial Terminal 5780 maritima 
Cakile 
De Perennial Terminal 18600 maritima 
Cakile 
De Perennial Terminal 10 to 50 25108 maritima 
Came/ina F ~nnual Terminal 10 to 50 287 
microcarpa 
Capsella 
lA !Annual bursa- Terminal 10 to 50 259 
fpastoris 
Capsel/a 
lA !Annual frermina 1 more than bursa- 450 
IPastoris 50 
Capsel/a 
!Annual bursa- F Term ina 110 to 50 344 
IPastoris 
Card amine 
bellidifolia ~ Perennial Term ina 110 to 50 840 var. 
fpachyphy/la 
46 
Card amine ~ Perennial Terminal 10 to SO 287 breweri 
Cardamine ~ ~nnual Terminal 10 to SO 343 hirsuta 
Cardamine ~ Annual Terminal 10 to SO 22 hirsuta 
Card amine A Annual Terminal 10 to SO 44 
oligosperma 
Cardaria X 7470 drab a 
Carrichtera F Annual Terminal Fewer 2593 
annua han 10 
Caulanthus A ~nnual Terminal 10 to SO 300 lasiophyllus 
Descurainia A ~nnual Terminal 10 to SO 318 ~ophia 
Descurainia ~ Annual Terminal 10 to SO 200 mphia 
Diplotaxis ~ Annual Terminal 10 to SO 2144 erucoides 
Diplotaxis ~ Terminal 10 to SO S91 viminea 
Drab a ~ Annual Terminal Fewer 4 reptans than 10 
Draba verna ~ Annual Terminal 10 to SO 26 var. aestivalis 
Draba verna A ~nnual Terminal 10 to SO 21 
var. verna 
Eruca sa/tiva X ~nnual Terminal 10 to SO 9496 
Hirschfeldia X ~nnual Terminal more than 44S4 incana so 
Hirschfeldia X ~nnual Termina 1 more than 2970 incana so 
47 
lberis a mara lx ~nnual 
beris 
orocumbens X 
Is a tis 
lusitanica 
Is a tis 
tinctoria 
Lepidium 
campstre 
Lepidium 
dictyotum 
Lepidium 
latipes 
Lepidium 
nitidum 
Lepidium 
lperfoliatum 
A 
X 
A 
A 
Lepidium 
'!Pinnatifidum A. 
A.nnual 
A.nnual 
Annual 
Annual 
!Annual 
Annual 
Lepidium 
trictum A Annual 
Lobularia 
maritima X 
Terminal10 to 50 10000 
Terminal10 to 50 6233 
Terminal10 to 50 22679 
Terminal ~Oore than 14800 
Terminal more than 1 50 350 
Terminal10 to 50 55 
Terminal10 to 50 6600 
Terminal10 to 50 376 
Terminal10 to 50 980 
Terminal10 to 50 640 
Terminal10 to 50 233 
Terminal10 to 50 5400 
Nasturtium 
officinale A Perennial Terminal10 to SO 844 
Nasturtium 
officinale Perennial Terminal10 to SO 243 
Parry a 
nudicaulis F Perennial Terminal10 to 50 1266 
Raphanus 
raphanistrum X Annual 
Raphanus X 
raphanistrum Annual 
Terminal more than 10371 
50 
Terminal ~Oore than 34000 
48 
Raphanus X Terminal 10 to 50 38000 ~ativus 
Raphanus X Terminal 10 to 50 26285 ~ativus 
Rorippa 
curvisiliqua A ~nnual Terminal 10 to 50 108 
var. orienta/is 
Rorippa 
palustris var. ~ Annual Terminal 10 to 50 95 
occidentalis 
Sinapis alba pc Annual Terminal 10 to 50 26000 
Sinapis pc Annual Terminal 10 to 50 8170 
arvensis 
Sinapis pc Annual Terminal 10 to 50 8700 
arvensis 
Sisymbrium A f~-nnual Terminal 10 to 50 635 
altissimum 
~isymbrium A ~nnual Terminal 10 to 50 350 irio 
~isymbrium A ~nnual Terminal 10 to 50 1186 
officinale 
~isymbrium A ~nnual Terminal 10 to 50 870 
officinale 
~isymbrium A Terminal 10 to 50 337 
orientale 
~treptanthus ~ Annual Terminal Fewer 4800 diversifolius than 10 
~treptanthus pc Annual Terminal 10 to 50 6200 drepanoides 
~treptanthus pc Annual Terminal 10 to 50 3800 ~landulosus 
~treptanthus pc Perennial Terminal 10 to 50 3170 
morrisonii 
49 
Streptanthus X ~nnual Terminal 4400 polygaloides 
Streptanthus 
~ Terminal Fewer tortuosus var. Perennial than 10 5700 
orbiculatus 
Streptanthus Fewer 
tortuosus var. ~ Perennial Terminal han 10 6730 
uffrutescens 
Thlaspi F Terminal more than 1693 
arvense 50 
Thlaspi F Terminal more than 756 
arvense 50 
Thlaspi A Terminal 10 to 50 232 perfoliatum 
Thysanocarp 
more than 
us curvipes A Terminal 50 1480 
var. crenatus 
Thysanocarp 
more than 
us curvipes fl. Terminal 50 1600 
var. curvipes 
Thysanocarp 
more than 
us curvipes ~ Terminal 50 3220 
var. e/egans 
Thysanocarp ~ Terminal 10 to 50 2700 us radians 
Tropidocarpu ~ Terminal Fewer 463 m gracile than 10 
Turnitis laxa A Terminal 1263 
Cactaceae Ariocarpus X Perennial Solitary Solitary 1371 fissuratus 
Caryophyllaceae Agrostemma F !Annual Solitary Solitary 461 githago 
Arenaria F Annual Term ina 110 to 50 45 
serpyliifolia 
50 
Dianthus F ~nnual Solitary Fewer 145 
armeria han 10 
Dianthus ~ Solitary Fewer 280 deltoides han 10 
Dianthus 
carthusianor ~ Terminal 10 to 50 419 
um 
Petrorhagia ~ Annual Axillary Fewer 69 nanteuilii han 10 
Petrorhagia A Annual Axillary Fewer 69 prolifera than 10 
Petrorhagia X Annual Axillary Fewer 241 prolifera than 10 
Saponaria X Perennial Terminal 370 
ocymoides 
Saponaria F Perennial Terminal 10 to 50 206 
officina/is 
~aponaria A Terminal 90 
orienta/is 
~cleranthus F ~nnual Terminal 300 
annuus 
~cleranthus A Terminal 130 biflorus 
~cleranthus ~ Terminal 100 brockiei 
~cleranthus lF Terminal 300 diander 
~cleranthus ~ Terminal 100 lfaciculatus 
~clerantlws F Terminal 340 
minusculus 
~cleranthus F Perennial Terminal 1000 [perennis 
~cleranthus 
P<: Terminal 7000 [pungens 
51 
~cleranthus A Terminal 100 ~ingulif/orus 
~cleranthus (1 Terminal 100 
unif/orus 
Silene acaulis x Perennial Solitary Solitary 1062 
Silene ~ [Annual Terminal 179 armeria 
Silene pc Perennial Axillary 10 to 50 201 
chalcedonica 
Silene conica lA Annual Terminal Fewer 142 han 10 
Silene lA Annual Terminal Fewer 85 conoidea lthan 10 
lsilene F Perennial Terminal Fewer 199 
coronaria than 10 
Silene X f"innual Terminal Fewer 292 dichotoma than 10 
~ilene dioica X Terminal Fewer 150 than 10 
~ilene flos- X Perennial Terminal 10 to 50 192 
cuculi 
~ilene gallica F [Annual Terminal Fewer 85 than 10 
~ilene 
pc Annual /atifolia ssp. Terminal 55 
~lba 
fs'ilene F Annual Terminal Fewer 188 
n octifl a ra han 10 
fs'ilene pc Annual Solitary Solitary 414 pendula 
Si/ene 
pseudoatocio X Annual Terminal 479 
11 
Silene suecica F Perennial Term ina 110 to 50 270 
52 
Silene X Perennial Terminal Fewer 205 
viscaria ,,han 10 
Silene F Perennial Terminal 10 to 50 236 
vulgaris 
Stell aria ~ Annual Terminal Fewer 23 media 
1
,han 10 
Vaccaria F Annual Terminal 10 to 50 368 hispanica 
Crassulaceae ~cheveria F Perennial !Axillary 124 ~ibbijlora 
Leguminosae Cologania X Perennial 11665.1 broussonetii 
Crotalaria X Perennial Terminal 10 to 50 9539.5 in can a 
Crotalaria x Perennial Terminal 10 to 50 7684 pumila 
Crotalaria x Annual Terminal 10 to 50 7500 
'tipularia 
Desmodium x Perennial Terminal 10 to 50 4599.1 incanum 
Desmodium X Perennial Terminal 10 to 50 5771.6 pachyrrhizum 
Desmodium F Perennial Terminal 10 to 50 2942.1 
subsericeum 
Desmodium X Perennial Terminal 10 to 50 6612.5 
uncinatum 
Galactia X Perennial Terminal Fewer 5200.4 latisiliqua !than 10 
Indigofera x Perennial Terminal 10 to 50 3369.9 lparodiana 
Indigofera ~ Perennial Terminal 10 to 50 8510 ipuffruticosa 
Macroptilium F Annual !Terminal 10 to 50 1134 
erytholoma 
53 
Macroptilium 
lfraternum X Perennial Axillary 3676.7 
Macroptilium F 
lathyroides Perennial Terminal 10 to 50 1264.1 
Macroptilium F 
rpanduratum Perennial Axillary 10 to 50 2054.8 
Phaseolus Fewer 
vulgaris var. F Perennial !Axillary 427.9 than 10 
aborigineus 
Rhynchosia F Perennial !Axillary 10 to 50 13996.7 
edulis 
Rhynchosia 
~enna var. X Perennial IAJcillary 10 to 50 12500 
texan a 
Vigna X !Annual Terminal 10 to 50 844.7 
caracal/a 
Zornia pc Perennial Terminal 8604.5 
contorta 
Liliaceae Hosta F Perennial Terminal 10 to 50 34400 
rectifo/ia 
Narthecium ~ Terminal 2001 asiaticum 
Narthecium ~ Terminal 2095 asiaticum 
Narthecium ~ Terminal 2656 asiaticum 
M oringaceae Moring a pc !Axillary 523 
oleifera 
Nyctaginaceae Mirabilis F Terminal 298 grandijlora 
Mirabilis F Terminal 425 hirsuta 
Mirabilis F !rerminal 369 hirsuta 
54 
Mirabilis F Terminal 119 hirsuta 
Mirabilis F Terminal 272 
·a/apa 
Mirabilis F Terminal 320 
·alapa 
Mirabilis F Terminal 382 
·alapa 
~mbronia X Perennial Terminal 2520 
maritima 
f4mbronia X fAnnual Terminal 7912 
umbellata 
Papaveraceae ~anguinaria X Perennial Terminal Fewer 3242 
canadensis than 10 
Plantaginaceae Veronica A Perennial Terminal 23 
alpin a 
Veronica 
fA Annual Axillary 10 to 50 48 anagalloides 
Veronica 
anajallis- ~ Perennial Axillary 32 
aquatica 
Veronica F Perennial Terminal Fewer 1028 
armena than 10 
Veronica ~ Perennial Axillary 10 to 50 21 beccabunga 
Veronica F Perennial Terminal 10 to 50 141 bellidoides 
Veronica F Terminal 10 to 50 46 bozakmanii 
Veronica F Perennial Terminal 10 to 50 1115 
caucasica 
Veronica F Perennial Terminal 767 
cuneifolia 
Veronica F Perennial Terminal 322 
cusickii 
55 
Veronica F !Annual Solitary Solitary 275 
cymba/aria 
Veronica F 147 donii 
Veronica F Perennial Terminal 10 to 50 485 gentianoides 
Veronica F !Annual Terminal 10 to 50 703 glauca 
Veronica 
lA Annual Solitary 75 hederifolia 
Veronica F Perennial Terminal more than 426 incana 50 
Veronica F Perennial Terminal more than 354 kiusiana 50 
Veronica F Perennial Terminal more than 633 /ongifolia 50 
Veronica X 2572 lycica 
Veronica F Perennial Terminal Fewer 495 
montana than 10 
Veronica F Perennial !Axillary 10 to 50 229 
officina/is 
Veronica F Perennial Terminal Fewer 447 
oltensis than 10 
Veronica F Perennial Terminal 745 
orienta/is 
Veronica F Perennial Terminal Fewer 677 lpeduncularis than 10 
Veronica 
lA !Annual Terminal 7 ~peregrina 
Veronica F Perennial Terminal more than 1059 ~innata 50 
Veronica F Perennial Terminal 10 to 50 66 ~cardica 
56 
Veronica F Perennial Terminal 10 to SO 233 ~chmidtiana 
Veronica A Perennial Terminal 10 to SO 60 ~erpyllifo/ia 
Veronica F Perennial Terminal more than 434 ~picata so 
Veronica F Solitary Solitary 10S ~ublobata 
Veronica F 400 15yriaca 
Veronica F Perennial Terminal 10 to SO 386 
teucrium 
Veronica F [Annual Terminal Fewer 83 
triphyl/os than 10 
Veronica F Perennial Axillary 10 to SO 363 
urticifolia 
Veronica F Perennial 1368 
vendettadeae 
Plumbaginaceae Plumbago pc Perennial ~erminal S800 
zeylanica 
Polemoniaceae Allophyllum F Annual Terminal Fewer 396 divaricatum han 10 
Allophyllum 
lA Annual Terminal 
Fewer 216 gilioides han 10 
Allophyllum lA Annual Terminal Fewer S48 integrifolium than 10 
Allophyllum A Annual Terminal Fewer 304 
violaceum han 10 
Cobaea 
aschersonian F Solitary Solitary 1838 
a 
Cobaea X Perennial Solitary Solitary 1248 pendulijiora 
Cobaea X Solitary Solitary 433 
scan dens 
57 
Co/lamia F ~nnual Terminal 10 to 50 583 grandijlora 
Co/lamia F ~nnual Terminal 10 to 50 67 heterophylla 
Co/lamia ~ Annual Terminal 10 to 50 236 linearis 
Collomia A Annual !Axillary Fewer 180 
tinctoria lthan 10 
Gilia rigidula X Perennial Terminal Fewer 137 than 10 
Gilia sinuata A ~nnual Terminal more than 54 50 
Gilia F ~nnual Terminal 10 to 50 325 ~plendens 
Gilia F ~nnual Terminal more than 371 
tenuijlora so 
Gilia F ~nnual Terminal 10 to 50 482 
uchilleifuliu 
Gilia Fewer 
achilleifolia- F Annual Terminal 267 han10 
muticaulis 
Gilia F Annual Terminal Fewer 141 
angelensis han 10 
Gilia cana F Annual Terminal 10 to 50 193 
Gilia capitata X f\nnual Terminal more than 373 50 
Gilia X ~nnual Terminal more than 246 
caruifolia 50 
Gilia foetida (C Perennial Solitary Solitary 237 
Gilia A Annual Terminal 10 to 50 54 inconspicua 
Gilia Iatijlora F ~nual Terminal 10 to 50 248 
58 
Cilia leptalea F Annual Axillary Fewer 268 
than 10 
Cilia lA Annual Terminal more than 38 leptomeria 50 
Cilia ~ Annual Terminal Fewer 156 ochroleuca ~han 10 
Cilia 
Fewer 
ochroleuca- F ~nnual Terminal !than 10 462 bizonata 
Cilia 
Fewer 
ophthalmoide ~ ~nnual Axillary 138 than 10 
Cilia Pc Perennial Terminal 10 to 50 308 pinnatifida 
Cilia tricolor F !Annual Terminal Fewer 387 !than 10 
Cymnosteris lA !Annual Terminal Fewer 339 nudicaulis !than 10 
Cymnosteris ~ !Annual Terminal Fewer 105 ~arvula than 10 
Microsteris ~ !Annual Terminal Fewer 409 ~racilis than 10 
I Phlox X: !Annual 6093 cuspidata 
I Phlox ~ Perennial Terminal 10 to 50 5810 divaricata 
IPhlox 
Pc ~nnual Termina 110 to 50 5559 drummondii 
Phlox Pc Perennial Termina 110 to 50 3327 ~laberrima 
Phlox pilosa jx Perennial Term ina 110 to 50 2820 
Phlox F Perennial Termina 1 Fewer 2481 ~tansbwyi than 10 
59 
Phlox F Perennial 3343 
ubulata 
Polemonium X Perennial Terminal 10 to 50 441 
caeruleum 
Polemonium X Perennial Terminal 10 to 50 617 
califomicum 
Polemonium F Perennial Axillary 10 to 50 621 Pofiolissimum 
Polemonium F Perennial Axillary 
mexicanum 
Polemonium F Perennial Terminal Fewer 80 pauciflorum ~han 10 
Polemonium 
pulcherrimu F Perennial Terminal 10 to 50 614 
m-calyci 
Polemonium ~ Perennial IAzillary 10 to 50 1824 rep tans 
Polemonium pc Perennial Terminal 10 to 50 657 
viscosum 
Volemonium ~ Annual IAzillary Fewer 87 micranthum than 10 
Ranunculaceae Aconitum X Perennial Terminal 4248 
anthora 
Aconitum pc Perennial Terminal 6045 
anthora 
Aconitum X Perennial Terminal 5004 lycoctonum 
'Aconitum X Perennial Terminal 5612 lycoctonum 
Aconitum X Perennial Terminal 3851 
napellus 
Aconitum X Perennial Terminal 3230 
napellus 
Actaea F Perennial Terminal 10 to 50 5672 pachypoda 
60 
~ctaea rubra F Perennial Terminal 10 to 50 2933 
VJ.ctaea rubra F Perennial Terminal 10 to 50 2057 
VJ.ctaea rubra F Perennial Terminal 10 to 50 619 
~nemone X Perennial Solitary Solitary 9895 
canadensis 
Anemone ~ Perennial Terminal Fewer 371 cylindrica ,,han 10 
Anemone pc Perennial Terminal 7289 
nemorosa 
Anemone pc Perennial Solitary Solitary 3492 patens 
Anemonella pc Perennial Terminal 10053 
th ali ctro ides 
Canso/ida F !Annual Terminal 1491 
ajacis 
Canso/ida pc Annual Terminal 3409 
mauritanica 
Canso/ida pc Annual Terminal 3936 pubescens 
Zingiberaceae Hedychium F Perennial Terminal 10 to 50 132 
vunnanense 
61 
AppendixC 
Cross tabs illustrating the gaps in the literature that contribute to low sample sizes 
and uneven distribution of species in a five-way AN OVA 
Inflorescenc 
Mating Inflorescence e size ( # of 
Family system Lifespan Type Flowers) N 
Brassicaceae Autogamous Annual Terminal Under 10 1 
10-50 21 
More than 2 
50 
Total 24 
Total Under 10 1 
10-50 21 
More than 2 
50 
Total 24 
Perennial Terminal Under 10 1 
10-50 11 
Total 12 
Total Under 10 1 
10-50 11 
Total 12 
Total Terminal Under 10 2 
10-50 32 
More than 2 
50 
Total 36 
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Total Under 10 2 
10-50 32 
More than 2 
50 
Total 36 
Facultative Annual Terminal Under 10 1 
10-50 3 
Total 4 
Total Under 10 1 
10-50 3 
Total 4 
Perennial Terminal 10-50 1 
Total 1 
Total 10-50 1 
Total 1 
Total Terminal Under 10 1 
10-50 4 
Total 5 
Total Under 10 1 
10-50 4 
Total 5 
Xenogomous Annual Terminal Under 10 1 
10-50 11 
More than 6 
50 
Total 18 
Total Under 10 1 
63 
10-50 11 
More than 6 
50 
Total 18 
Perennial Terminal Under 10 2 
10-50 4 
Total 6 
Total Under 10 2 
10-50 4 
Total 6 
Total Terminal Under 10 3 
10-50 1S 
More than 6 
so 
Total 24 
Total Under 10 3 
10-50 15 
More than 6 
50 
Total 24 
Total Annual Terminal Under 10 3 
10-50 3S 
More than 8 
50 
Total 46 
Total Under 10 3 
10-SO 3S 
More than 8 
so 
64 
Total 46 
Perennial Terminal Under 10 3 
10-50 16 
Total 19 
Total Under 10 3 
10-50 16 
Total 19 
Total Terminal Under 10 6 
10-50 51 
More than 8 
50 
Total 65 
Total Under 10 6 
10-50 51 
More than 8 
so 
Total 65 
Caryophyllace Autogamous Annual Terminal Under 10 3 
ae 
Total 3 
Axillary Under 10 2 
Total 2 
Total Under 10 5 
Total 5 
Total Terminal Under 10 3 
Total 3 
Axillary Under 10 2 
Total 2 
65 
Total Under 10 5 
Total 5 
Facultative Annual Terminal Under 10 2 
10-50 2 
Total 4 
Solitary Solitary 1 
Under 10 1 
Total 2 
Total Solitary 1 
Under 10 3 
10-50 2 
Total 6 
Perennial Terminal Under 10 1 
10-50 3 
Total 4 
Total Under 10 1 
10-50 3 
Total 4 
Total Terminal Under 10 3 
10-50 5 
Total 8 
Solitary Solitary 1 
Under 10 1 
Total 2 
Total Solitary 1 
Under 10 4 
66 
10-50 5 
Total 10 
Xenogomous Annual Terminal Under 10 1 
Total 1 
Axillary Under 10 1 
Total 1 
Solitary Solitary 1 
Total 1 
Total Solitary 1 
Under 10 2 
Total 3 
Perennial Terminal Under 10 1 
10-50 1 
Total 2 
Axillary 10-50 1 
Total 1 
Solitary Solitary 1 
Total 1 
Total Solitary 1 
Under 10 1 
10-50 2 
Total 4 
Total Terminal Under 10 2 
10-50 1 
Total 3 
Axillary Under 10 1 
67 
10-50 1 
Total 2 
Solitary Solitary 2 
Total 2 
Total Solitary 2 
Under 10 3 
10-50 2 
Total 7 
Total Annual Terminal Under 10 6 
10-50 2 
Total 8 
Axillary Under 10 3 
Total 3 
Solitary Solitary 2 
Under 10 1 
Total 3 
Total Solitary 2 
Under 10 10 
10-50 2 
Total 14 
Perennial Terminal Under 10 2 
10-50 4 
Total 6 
Axillary 10-50 1 
Total 1 
Solitary Solitary 1 
68 
Total 1 
Total Solitary 1 
Under 10 2 
10-50 5 
Total 8 
Total Terminal Under 10 8 
10-50 6 
Total 14 
Axillary Under 10 3 
10-50 1 
Total 4 
Solitary Solitary 3 
Under 10 1 
Total 4 
Total Solitary 3 
Under 10 12 
10-50 7 
Total 22 
Leguminosae Facultative Annual Terminal 10-50 1 
Total 1 
Total 10-50 1 
Total 1 
Perennial Terminal 10-50 2 
Total 2 
Axillary Under 10 1 
10-50 2 
69 
Total 3 
Total Under 10 1 
10-50 4 
Total 5 
Total Terminal 10-50 3 
Total 3 
Axillary Under 10 1 
10-50 2 
Total 3 
Total Under 10 1 
10-50 5 
Total 6 
Xenogomous Annual Terminal 10-50 2 
Total 2 
Total 10-50 2 
Total 2 
Perennial Terminal Under 10 1 
10-50 7 
Total 8 
Axillary 10-50 1 
Total 1 
Total Under 10 1 
10-50 8 
Total 9 
Total Terminal Under 10 1 
10-50 9 
70 
Total 10 
Axillary 10-50 1 
Total 1 
Total Under 10 1 
10-50 10 
Total 11 
Total Annual Terminal 10-50 3 
Total 3 
Total 10-50 3 
Total 3 
Perennial Terminal Under 10 1 
10-50 9 
Total 10 
Axillary Under 10 1 
10-50 3 
Total 4 
Total Under 10 2 
10-50 12 
Total 14 
Total Terminal Under 10 1 
10-50 12 
Total 13 
Axillary Under 10 1 
10-50 3 
Total 4 
Total Under 10 2 
71 
10-50 15 
Total 17 
PlantaginaceaeAutogamous Annual Axillary 10-50 1 
Total 1 
Total 10-50 1 
Total 1 
Perennial Terminal 10-50 1 
Total 1 
Axillary 10-50 1 
Total 1 
Total 10-50 2 
Total 2 
Total Terminal 10-50 1 
Total 1 
Axillary 10-50 2 
Total 2 
Total 10-50 3 
Total 3 
Facultative Annual Terminal Under 10 1 
10-50 1 
Total 2 
Solitary Solitary 1 
Total 1 
Total Solitary 1 
Under 10 1 
10-50 1 
72 
Total 3 
Perennial Terminal Under 10 4 
10-50 6 
More than 5 
50 
Total 15 
Axillary 10-50 2 
Total 2 
Total Under 10 4 
10-50 8 
More than 5 
50 
Total 17 
Total Terminal Under 10 5 
10-50 7 
More than 5 
50 
Total 17 
Axillary 10-50 2 
Total 2 
Solitary Solitary 1 
Total 1 
Total Solitary 1 
Under 10 5 
10-50 9 
More than 5 
50 
Total 20 
73 
Total Annual Terminal Under 10 1 
10-50 1 
Total 2 
Axillary 10-50 1 
Total 1 
Solitary Solitary 1 
Total 1 
Total Solitary 1 
Under 10 1 
10-50 2 
Total 4 
Perennial Terminal Under 10 4 
10-50 7 
More than 5 
50 
Total 16 
Axillary 10-50 3 
Total 3 
Total Under 10 4 
10-50 10 
More than 5 
50 
Total 19 
Total Terminal Under 10 5 
10-50 8 
More than 5 
50 
74 
Total 18 
Axillary 10-50 4 
Total 4 
Solitary Solitary 1 
Total 1 
Total Solitary 1 
Under 10 5 
10-50 12 
More than 5 
50 
Total 23 
PolemoniaceaeAutogamous Annual Terminal Under 10 7 
10-50 2 
More than 2 
50 
Total 11 
Axillary Under 10 3 
Total 3 
Total Under 10 10 
10-50 2 
More than 2 
50 
Total 14 
Total Terminal Under 10 7 
10-50 2 
More than 2 
50 
Total 11 
75 
Axillary Under 10 3 
Total 3 
Total Under 10 10 
10-50 2 
More than 2 
so 
Total 14 
Facultative Annual Terminal Under 10 s 
10-SO 6 
More than 1 
so 
Total 12 
Axillary Under 10 1 
Total 1 
Total Under 10 6 
10-SO 6 
More than 1 
so 
Total 13 
Perennial Terminal Under 10 2 
10-SO 1 
Total 3 
Axillary 10-SO 1 
Total 1 
Total Under 10 2 
10-SO 2 
Total 4 
76 
Total Terminal Under 10 7 
10-50 7 
More than 1 
50 
Total 15 
Axillary Under 10 1 
10-50 1 
Total 2 
Total Under 10 8 
10-50 8 
More than 1 
50 
Total 17 
Xenogomous Annual Terminal 10-50 1 
More than 2 
50 
Total 3 
Total 10-50 1 
More than 2 
50 
Total 3 
Perennial Terminal Under 10 1 
10-50 7 
Total 8 
Axillary 10-50 1 
Total 1 
Solitary Solitary 2 
Total 2 
77 
Total Solitary 2 
Under 10 1 
10-50 8 
Total 11 
Total Terminal Under 10 1 
10-50 8 
More than 2 
50 
Total 11 
Axillary 10-50 1 
Total 1 
Solitary Solitary 2 
Total 2 
Total Solitary 2 
Under 10 1 
10-50 9 
More than 2 
50 
Total 14 
Total Annual Terminal Under 10 12 
10-50 9 
More than 5 
50 
Total 26 
Axillary Under 10 4 
Total 4 
Total Under 10 16 
10-50 9 
78 
More than 5 
50 
Total 30 
Perennial Terminal Under 10 3 
10-50 8 
Total 11 
Axillary 10-50 2 
Total 2 
Solitary Solitary 2 
Total 2 
Total Solitary 2 
Under 10 3 
10-50 10 
Total 15 
Total Terminal Under 10 15 
10-50 17 
More than 5 
50 
Total 37 
Axillary Under 10 4 
10-50 2 
Total 6 
Solitary Solitary 2 
Total 2 
Total Solitary 2 
Under 10 19 
10-50 19 
79 
More than 5 
50 
Total 45 
ranunculaceae Autogamous Perennial Terminal Under 10 1 
Total 1 
Total Under 10 1 
Total 1 
Total Terminal Under 10 1 
Total 1 
Total Under 10 1 
Total 1 
Facultative Perennial Terminal 10-50 4 
Total 4 
Total 10-50 4 
Total 4 
Total Terminal 10-50 4 
Total 4 
Total 10-50 4 
Total 4 
Xenogomous Perennial Solitary Solitary 2 
Total 2 
Total Solitary 2 
Total 2 
Total Solitary Solitary 2 
Total 2 
Total Solitary 2 
80 
Total 2 
Total Perennial Terminal Under 10 1 
10-50 4 
Total 5 
Solitary Solitary 2 
Total 2 
Total Solitary 2 
Under 10 1 
10-50 4 
Total 7 
Total Terminal Under 10 1 
10-50 4 
Total 5 
Solitary Solitary 2 
Total 2 
Total Solitary 2 
Under 10 1 
10-50 4 
Total 7 
Total Autogamous Annual Terminal Under 10 11 
10-50 23 
More than 4 
50 
Total 38 
Axillary Under 10 5 
10-50 1 
Total 6 
81 
Total Under 10 16 
10-50 24 
More than 4 
50 
Total 44 
Perennial Terminal Under 10 2 
10-50 12 
Total 14 
Axillary 10-50 1 
Total 1 
Total Under 10 2 
10-50 13 
Total 15 
Total Terminal Under 10 13 
10-50 35 
More than 4 
50 
Total 52 
Axillary Under 10 5 
10-50 2 
Total 7 
Total Under 10 18 
10-50 37 
More than 4 
50 
Total 59 
Facultative Annual Terminal Under 10 9 
10-50 13 
82 
More than 1 
50 
Total 23 
Axillary Under 10 1 
Total 1 
Solitary Solitary 2 
Under 10 1 
Total 3 
Total Solitary 2 
Under 10 11 
10-50 13 
More than 1 
50 
Total 27 
Perennial Terminal Under 10 7 
10-50 17 
More than 5 
50 
Total 29 
Axillary Under 10 1 
10-50 5 
Total 6 
Total Under 10 8 
10-50 22 
More than 5 
50 
Total 35 
Total Terminal Under 10 16 
10-50 30 
83 
More than 6 
50 
Total 52 
Axillary Under 10 2 
10-50 5 
Total 7 
Solitary Solitary 2 
Under 10 1 
Total 3 
Total Solitary 2 
Under 10 19 
10-50 35 
More than 6 
50 
Total 62 
Xenogomous Annual Terminal Under 10 2 
10-50 14 
More than 8 
50 
Total 24 
Axillary Under 10 1 
Total 1 
Solitary Solitary 1 
Total 1 
Total Solitary 1 
Under 10 3 
10-50 14 
More than 8 
50 
84 
Total 26 
Perennial Terminal Under 10 5 
10-50 19 
Total 24 
Axillary 10-50 3 
Total 3 
Solitary Solitary 5 
Total 5 
Total Solitary 5 
Under 10 5 
10-50 22 
Total 32 
Total Terminal Under 10 7 
10-50 33 
More than 8 
50 
Total 48 
Axillary Under 10 1 
10-50 3 
Total 4 
Solitary Solitary 6 
Total 6 
Total Solitary 6 
Under 10 8 
10-50 36 
More than 8 
50 
Total 58 
85 
Total Annual Terminal Under 10 22 
10-50 50 
More than 13 
50 
Total 85 
Axillary Under 10 7 
10-50 1 
Total 8 
Solitary Solitary 3 
Under 10 1 
Total 4 
Total Solitary 3 
Under 10 30 
10-50 51 
More than 13 
50 
Total 97 
Perennial Terminal Under 10 14 
10-50 48 
More than 5 
50 
Total 67 
Axillary Under 10 1 
10-50 9 
Total 10 
Solitary Solitary 5 
Total 5 
Total Solitary 5 
86 
Under 10 15 
10-50 57 
More than 5 
50 
Total 82 
Total Terminal Under 10 36 
10-50 98 
More than 18 
50 
Total 152 
Axillary Under 10 8 
10-50 10 
Total 18 
Solitary Solitary 8 
Under 10 1 
Total 9 
Total Solitary 8 
Under 10 45 
10-50 108 
More than 18 
50 
Total 179 
87 
